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SPECIFICATI 





CERAMIC HONEYCOMB FILTER, EXHAUST GAS-CLEANING APPARATUS, 

AND EXHAUST GAS-CLEANING METHOD 

5 

FIELD OF THE INVENTION 

[0001] The present invention relates to a ceramic honeycomb filter suitable 
for an apparatus for removing particulate matter from an exhaust gas 
discharged from a diesel engine, an exhaust gas-cleaning apparatus having 
10 such a ceramic honeycomb filter, and an exhaust gas-cleaning method. 



BACKGROUND OF THE INVENTION 

[0002] To remove carbon-based particulate matter from an exhaust gas 
discharged from diesel engines, ceramic honeycomb filters comprising ceramic 
1 5 honeycomb structures with pluralities of flow paths alternately sealed at both 
ends (hereinafter referred to simply as "honeycomb filters") have recently been 
put into practical use. 

[0003] The honeycomb filter usually comprises a porous ceramic 
honeycomb structure comprising a peripheral wall, and cell walls inside this 

20 peripheral wall for defining large numbers of flow paths (hereinafter referred 
to simply as "honeycomb structure"). Large numbers of flow paths are 
alternately sealed at ends on the exhaust gas inlet and outlet sides. An 
exhaust gas flowing into the honeycomb filter through flow paths open at the 
inlet-side ends passes through the pores of the cell walls and enters into the 

25 adjacent flow paths, and exits from the outlet-side ends. When the exhaust 
gas passes through the cell walls, particulate matter contained in the exhaust 
gas is captured in pores formed mostly in the cell walls, thereby cleaning the 
exhaust gas. 

[0004] AVhen the amount of particulate matter captured in pores reaches a 
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predetermined level or more, the pores are clogged, resulting in increased 
pressure loss of the honeycomb filter and thus engine power decrease. 
Accordingly, the captured particulate matter is periodically burned by a burner 
or an electric heater to regenerate the honeycomb filter. 
5 [0005] In the regeneration of the honeycomb filter, the more particulate 
matter is captured, the more difficult it is to uniformly control the temperature 
inside the honeycomb filter. A honeycomb filter tends to be subjected to 
larger temperature elevation particularly in portions in which particulate matter 
is accumulated at a higher concentration, thus vulnerable to breakage by 

10 thermal stress generated by the burning of particulate matter. In some cases, 
the temperature of a honeycomb filter is elevated to the melting temperature of 
a ceramic material or higher, causing meltdown in cell walls. When the 
highest temperature of the honeycomb filter during regeneration is low enough 
to prevent breakage and meltdown, some particulate matter remains unbumed, 

1 5 failing to sufficiently reduce the pressure loss of the honeycomb filter even 
after the regeneration treatment. 

[0006] To solve such problems in connection with the regeneration of the 
honeycomb filter, JP3-68210B discloses an exhaust-gas-cleaning structure 
comprising a honeycomb structure having alternately closed openings at both 

20 ends, and a heating means disposed on the exhaust gas inlet side of the cells of 
the honeycomb structure, space being provided between exhaust-gas-inlet-side 
plugs and exhaust-gas-inlet-side ends. JP3-68210B describes that in this 
exhaust-gas-cleaning structure, particulate matter is attached not only to cell 
walls but also to the space between the plugs and the exhaust-gas-inlet-side 

25 ends, and heat generated by the burning of particulate matter is conveyed 

downward while flowing into adjacent cells, thereby burning particulate matter 
attached to the cell walls. However, because the heating means is arranged 
only on the inlet side of the cells, it is difficult to uniformly control the 
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temperature of a honeycomb filter long in a flow path direction from the inlet 
side to the outlet side. When a large amount of particulate matter is captured, 
the heat generation of particulate matter locally elevates the temperature of a 
honeycomb filter, resulting in breakage and meltdown. 
5 [0007] JP7-106290B discloses a particulate filter for a diesel exhaust gas, 
which lowers the burning-start temperature of particulate matter by the action 
of a catalyst carried on cell wall surfaces and comprising a platinum-group 
metal and an alkaline earth metal oxide, and continuously removes the 
particulate matter by burning. JP7- 106290B describes that this particulate 

10 filter for a diesel exhaust gas can be continuously regenerated at such low 
temperatures that are obtained by the operation of a diesel engine, thereby 
preventing clogging with particulate matter. However, even this particulate 
filter for a diesel exhaust gas fails to prevent pressure loss increase by clogging 
with particulate matter in some cases. This appears to be due to the fact that 

15 particularly when diesel cars are trapped in congestion in large cities, driving 
continues in a state where catalysts carried by filters are at temperatures lower 
than about 300°C, the lower limit of catalyst-activating temperatures, so that 
particulate matter is not sufficiently burned. 

[0008] JP2002- 1 220 1 5 A discloses an exhaust gas-cleaning method 
20 comprising determining the amount of particulate matter accumulated in a 
catalyst-carrying filter depending on the operation state of a diesel engine, 
injecting a fuel in an unburned state upstream of the filter to accelerate the 
oxidation reaction of the fuel on the catalyst, maintaining the temperature 
inside the filter at the lower limit of a catalyst-activating temperature or higher 
25 by the reaction heat of particulate matter, thereby burning the accumulated 
particulate matter. JP2002-122015A describes that this exhaust gas-cleaning 
method can maintain the catalyst in an active state regardless of the operation 
state of a diesel engine to efficiently burn particulate matter captured by the 
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filter. However, when a fuel supplied in an unburned state is not sufficiently 
reacted in this exhaust gas-cleaning method, the particulate matter cannot be 

» 

fully burned, resulting in premature pressure loss increase by clogging with 
particulate matter, and thus failing to continue using the filter. 
5 [0009] To carry out the regeneration of a honeycomb filter easily while 
solving the above problems, the applicant previously filed a ceramic 
honeycomb filter comprising a porous ceramic honeycomb structure with flow 
paths sealed with plugs such that an exhaust gas passes through pores in the 
cell walls of the honeycomb structure, a catalyst being carried by at least part 
10 of the cell walls and/or the plugs, and at least one exhaust gas inlet-side plug 
being separate from the exhaust-gas-inlet-side end (Japanese Patent 
Application No. 2003-93677). 

[0010] In this ceramic honeycomb filter, a diesel engine fuel and/or 
another fuel (hydrocarbons, etc.) in an unburned state are injected upstream of 

15 the honeycomb filter, and burned by the action of the catalyst carried by the 
cell walls and the plugs of the honeycomb filter. With the fuel burned, the 
catalyst carried by the honeycomb filter can be kept at the lower limit of a 
catalyst-activation temperature or higher, even if an exhaust gas is discharged 
from an internal engine at low temperatures. Accordingly, particulate matter 

20 in the exhaust gas can be sufficiently removed, preventing the breakage and 
meltdown of the filter, and stably suppressing pressure loss increase for a long 
period of time. 

[001 1] In this honeycomb filter, however, the exhaust gas temperature is 
elevated rapidly near the inlet-side plugs whenever the fuel is injected, so that 
25 the inlet-side plugs are likely to be broken when used for a long period of time. 
This phenomenon presumably occurs due to the fact that tensile stress is 
generated in the inlet-side plugs, because the cell walls in direct contact with a 
high-temperature exhaust gas flowing through the flow paths are thermally 

* 
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expanded, while the plugs having relatively large thermal capacity are more 
slowly subjected to thermal expansion than the cell walls. 

OBJECTS OF THE INVENTION 
5 [0012] Accordingly, an object of the present invention is to provide a 
honeycomb filter regeneratable by continuously burning particulate matter in 
an exhaust gas by the action of a catalyst carried thereby, to surely prevent 
pressure loss increase by the accumulation of particulate matter in its pores and 
avoid the breakage of the filter, so that it can be used stably for a long period 
10 of time. 

[0013] Another object of the present invention is to provide an exhaust 
gas-cleaning apparatus comprising a honeycomb filter, and a means for adding 
a fuel to burn particulate matter contained in an exhaust gas, the honeycomb 
filter being unlikely to be broken. 
15 [0014] A further object of the present invention is to provide a method for 
cleaning an exhaust gas while preventing the clogging of a honeycomb filter 
and thus pressure loss increase without breakage of a honeycomb filter. 

DISCLOSURE OF THE INVENTION 

20 [001 5] As a result of intensive research in view of the above objects, the 
inventors have found that in a catalyst-carrying ceramic honeycomb filter 
constituted by pluralities of porous ceramic honeycomb structures connected in 
a flow path direction, desired flow paths being sealed, the arrangement of a 
gap between the connected porous ceramic honeycomb structures serves to 

25 prevent the honeycomb filter from being broken by thermal expansion when 
particulate matter accumulated in the cell walls is burned. The present 
invention has been completed based on such findings. 
[0016] Thus, the ceramic honeycomb filter of the present invention 
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comprises pluralities of porous ceramic honeycomb structures each having 
large numbers of flow paths partitioned by cell walls, which are connected to 
each other in a flow path direction, desired flow paths being sealed such that 
an exhaust gas passes through pores in the cell walls, the cell walls of at least 
5 one honeycomb structure being connected by plugs to those of a honeycomb 
structure adjacent thereto with a gap in the flow path direction, and a catalyst 
being carried by at least part of the cell walls and/or the plugs. 
[00 1 7] The gap is preferably 0.1-10 mm. The catalyst is preferably 
carried by the cell walls of the porous ceramic honeycomb structure at least on 

10 the exhaust gas inlet side from the plugs. Catalysts having different 

properties are preferably carried by the cell walls on the exhaust gas inlet side 
from the plugs, and by the cell walls on the exhaust gas outlet side. 
[0018] The ends of the plugs connecting pluralities of the porous ceramic 
honeycomb structures are preferably located in a region 0.5 times or less as 

1 5 long as the total length of the ceramic honeycomb filter from the inlet end of 
the ceramic honeycomb filter. 

[0019] The exhaust gas-cleaning apparatus of the present invention 
comprises (a) a ceramic honeycomb filter comprising pluralities of porous 
ceramic honeycomb structures each having large numbers of flow paths 

20 partitioned by cell walls, which are connected to each other in a flow path 
direction, desired flow paths being sealed such that an exhaust gas passes 
through pores in the cell walls, the cell walls of at least one honeycomb 
structure being connected by plugs to those of a honeycomb structure adjacent 
thereto with a gap in the flow path direction, and a catalyst being carried by at 

25 least part of the cell walls and/or the plugs, and (b) a fuel-adding means 
disposed upstream of the ceramic honeycomb filter. 

[0020] The method of the present invention for cleaning an exhaust gas 
uses a ceramic honeycomb filter having large numbers of flow paths 
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partitioned by cell walls, through which the exhaust gas is caused to flow, the 
cell walls of at least one honeycomb structure in the ceramic honeycomb filter 
being connected by plugs to those of a honeycomb structure adjacent thereto 
with a gap in the flow path direction, desired flow paths being sealed, a 
5 catalyst being carried by at least part of the cell walls and/or the plugs, 
comprising adding a fuel to the exhaust gas on the upstream side of the 
ceramic honeycomb filter, such that plugs in the ceramic honeycomb filter, and 
at least part of a porous ceramic honeycomb structure on the exhaust gas outlet 
side from the plugs are subjected to the lower limit of a temperature activating 
1 0 the catalyst or higher. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a schematic cross-sectional view showing an example of 

the ceramic honeycomb filter of the present invention. 
1 5 [0022] Fig. 2 is a graph schematically showing temperature variation in the 

longitudinal direction of another example of the ceramic honeycomb filter of 

the present invention depicted by a schematic cross-sectional view. 

[0023] Fig. 3(a) is a schematic cross-sectional view showing a further 

example of the ceramic honeycomb filter of the present invention. 
20 [0024] Fig. 3(b) is a schematic cross-sectional view showing a still further 

example of the ceramic honeycomb filter of the present invention. 

[0025] Fig. 3(c) is a schematic cross-sectional view showing a still further 

example of the ceramic honeycomb filter of the present invention. 

[0026] Fig. 4 is a schematic cross-sectional view showing the production 
25 steps of the ceramic honeycomb filter of the present invention. 

[0027] Fig. 5 is a schematic cross-sectional view showing an example of 

the exhaust gas-cleaning apparatus of the present invention. 

[0028] Fig. 6 is a schematic cross-sectional view showing the ceramic 
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honeycomb filter of Comparative Example 1. 

[0029] Fig. 7 is a schematic cross-sectional view showing the ceramic 
honeycomb filter of Comparative Examples 2-6. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0030] [1] Ceramic honeycomb filter 
[003 1] (1) Structure of ceramic honeycomb filter 

[0032] Fig. 1 is a schematic cross-sectional view showing an example of 
the ceramic honeycomb filter of the present invention. The ceramic 

10 honeycomb filter comprises a first ceramic honeycomb structure 1 A, a second 
ceramic honeycomb structure IB, inlet-side plugs 50 coaxially connecting the 
honeycomb structures 1 A and IB and sealing flow paths 42 in the honeycomb 
structures 1A, IB, and outlet-side plugs 52 sealing the other end of the 
honeycomb structure IB. 

15 [0033] Each honeycomb structure 1A, IB has a substantially circular or 
elliptical cross section perpendicular to the flow path direction. Each 
honeycomb structure 1 A, IB comprises a peripheral wall 20, and pluralities of 
cell walls 30 formed inside the peripheral wall 20 for defining pluralities of 
flow paths 41, 42 and 43. The flow paths 41, 42, 43 are alternately sealed by 

20 plugs 50, 52. 

[0034] The honeycomb structure 1 A has an open end 12 on the exhaust gas 
inlet side. The exhaust-gas-outlet-side end of the honeycomb structure 1 A is 
connected to the exhaust-gas-inlet-side end of the honeycomb structure 1 B by 
the plugs 50 formed in the flow paths 42, such that there is a gap 54 between 
25 them. The gap 54 is preferably 0.1-10 mm. When the honeycomb 

structures 1A and IB are connected with the gap 54 of 0.1-10 mm, breakage is 
unlikely to occur in the honeycomb structures 1 A, IB and the plugs 50 even 
after thermal expansion. When the gap 54 is less than 0. 1 mm, the gap 54 is 
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likely to be filled with accumulated matter, resulting in substantially zero gap. 
When it is more than 10 mm, the plugs 50 directly exposed to a high- 
temperature exhaust gas has too large surface area, so that the plugs 50 are 
likely to be broken, because there is too large difference in thermal expansion 
5 between the surface and inside of the plug 50, and/or because the plug 50 is too 
long in the flow path direction as compared with its cross section area. The 
width of the gap 54 is more preferably 0.5-5 mm, particularly 1-3 mm. 
[0035] The distance X from the end 12 of honeycomb structure 1A to the 
end surfaces 51 of the plugs 50 is preferably 0.5 times or less the length, in the 

1 0 flow path direction, of the honeycomb filter formed by bonding the 

honeycomb structures 1 A and IB. When this distance X is more than 0.5 
times, the cell walls 32 of the honeycomb structure IB are smaller in surface 
area than the cell walls 3 1, so that the honeycomb filter is likely to have 
increased initial pressure loss. The distance X from the end 12 to the end 

15 surfaces 51 of the plugs 50 is preferably 1 mm or more. When the inlet-side 
end surfaces 5 1 of the plugs 50 are separate from the end 12 by 1 mm or more, 
a sufficient filter-temperature-elevating effect can be obtained by a fuel added 
to the exhaust gas upstream of the honeycomb filter in the presence of the 
catalyst carried by the honeycomb structure 1 A. The inlet-side end surfaces 

20 5 1 of the plugs 50 are preferably located in a region as long as 0.1-0.4 times 
the total length of the honeycomb filter 1 1 from the end 12 of the honeycomb 
structure 1A. 

[0036] The catalyst is carried by the cell walls 30 and/or the plugs 50, 52. 
The honeycomb structure 1 A and the honeycomb structure IB may carry 
25 catalysts having different properties. The catalyst carried by the cell walls 30 
and/or the plugs 50, 52 preferably contains a platinum-group metal. 
Examples of the catalysts containing platinum-group metals include Pt, Pd, Ru, 
Rh and combinations thereof, and oxides of platinum-group metals. Alkaline 
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earth metal oxides, rare earth oxides, etc. may also be contained. When the 
catalyst such as Pt, etc. is carried by a high-specific-surface-area material such 
as active alumina, for instance, y-alumina, etc., the catalyst preferably has a 
large contact area with the exhaust gas, resulting in increased efficiency of 
5 cleaning the exhaust gas. 

[0037] The honeycomb structure 1 A and the honeycomb structure IB may 
carry catalysts having different properties. Also, different amounts of the 
catalyst may be carried by the honeycomb structures 1 A and IB. For 
instance, it is preferable that (a) a platinum-group metal is carried at a high 
10 concentration by the cell walls 3 1 on the exhaust gas inlet side to accelerate the 
oxidation reaction of a fuel in the honeycomb structure 1 A, and that (b) a 
platinum-group metal is carried at a lower concentration by the cell walls 32 
on the exhaust gas outlet side. 

[0038] A catalyst for accelerating the oxidation reaction of a fuel may be 
1 5 carried by the cell walls 3 1 of the honeycomb structure 1 A, and a catalyst 

(cocatalyst) acceleratable the combustion reaction of particulate matter may be 
carried by the cell walls 32 of the honeycomb structure IB. With such 
arrangement of catalysts, the oxidation reaction of a fuel is accelerated in the 
honeycomb structure 1 A, and heat generated by this reaction bums particulate 
20 matter accumulated in the cell walls 31 of the honeycomb structure 1A. The 
generated combustion heat is conveyed to the honeycomb structure IB by the 
exhaust gas 90, 91, so that particulate matter is efficiently burned by the 
catalyst carried by the cell walls 32 of the honeycomb structure IB. Thus, the 
clogging of the honeycomb structures 1 A, IB can be avoided by burning 
25 particulate matter by the action of the catalyst, thereby suppressing pressure 
loss for a long period of time. 

■ 

[0039] Examples of the catalyst carried by the honeycomb structure 1 A 
may be catalysts containing the above-described platinum-group metal, and 
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examples of the catalyst carried by the honeycomb structure IB may be 
catalysts for burning particulate matter at high temperatures, typically those 
comprising lanthanum, cesium and vanadium (La/CsA^Os). 
[0040] The exhaust gas flows into the flow paths 41 , 42 open on the inlet- 
5 side end 12. Among them, a stream of the exhaust gas 91 flowing into the 
flow paths 42 is deflected by the inlet-side plugs 50, passing through pores (not 
shown) in the cell walls 3 1 and flowing into the adjacent flow paths 41 . The 
gas flowing into the flow paths 41 proceeds toward the outlet-side end 13 
together with the exhaust gas 90 flowing from the inlet-side end 12. Because 

10 the flow paths 41 are sealed on the outlet-side end 13, the gas 92 passes 

through pores (not shown) in the cell walls 32 and enters into the adjacent flow 
paths 43, and then exits from the opening ends of the flow paths 43. Because 
particulate matter in the exhaust gas passes through the cell walls 3 1 and/or 32 
between the inlet-side end 12 and the outlet-side end 13, it is captured by pores 

1 5 (not shown) in the cell walls 31,32. Accordingly, the gas 92 is clean. 

[0041] The honeycomb filter disposed in an exhaust-gas-treating apparatus 
for an internal engine preferably has such structure that a fuel can be added to 
the exhaust gas upstream of the filter to remove particulate matter, when the 
amount of particulate matter accumulated in the honeycomb filter becomes a 

20 predetermined level or more during the operation of the internal engine. 

[0042] Fig. 2 is a graph schematically showing the internal temperature of 
a honeycomb filter in its regeneration step. The fuel added upstream of the 
honeycomb filter is oxidized by the action of the catalyst carried by the cell 
walls 3 1 of the honeycomb structure 1 A to generate heat. Accordingly, the 

25 temperature in the honeycomb structure 1 A is higher on the downstream side. 
Heat generated in the honeycomb structure 1 A burns particulate matter 
accumulated upstream of the inlet-side plugs 50. Combustion heat flows 
downstream together with the exhaust gas 90,91, so that it is conveyed to the 
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honeycomb structure IB to burn particulate matter accumulated in the 
honeycomb structure IB. Though combustion heat conveyed to the 
honeycomb structure IB may not be enough to bum the particulate matter, the 
temperature in the honeycomb structure IB is elevated to the lower limit of a 
5 temperature activating the catalyst carried at least by the cell walls 32 or 
higher, so that particulate matter captured in the pores of the cell walls 32 is 
burned. 

[0043] There is the gap 54 between the honeycomb structures 1 A and IB 
as described above. Accordingly, even though the cell walls 3 1, 32 are 

10 thermally expanded by direct contact with a high-temperature exhaust gas 
flowing through the flow paths, only small tensile stress is generated in the 
plugs 50, resulting in less likelihood of the breakage of the plugs 50. It is 
thus possible to bum particulate matter captured in the pores of the cell walls 
31, 32, thereby preventing the pressure loss from increasing, while avoiding 

1 5 the breakage and meltdown of the honeycomb filter. 

[0044] Figs. 3(a)-(c) show other examples of the ceramic honeycomb 
filters of the present invention. In the honeycomb filter shown in Fig. 3(a), 
there are uneven distances X from the end 12 of the honeycomb structure 1 A 
to the end surfaces 51 of the plugs 50. In the honeycomb filter shown in Fig. 

20 3(b), the honeycomb structure 1 A is connected to the honeycomb structure IB 
with different-length plugs 50 and with different distances X. Thus, as long 
as the temperature of the supplied fuel can be fully elevated in the honeycomb 
structure 1 A, pluralities of plugs 50 are not particularly restrictive in position 
and length. 

25 [0045] As shown in Fig. 3(c), the honeycomb structure 1 A may have plugs 
50 in outermost flow paths at the exhaust gas inlet-side end. In the 
honeycomb filter having such structure, substantially no exhaust gas flows into 
the outermost flow paths. Accordingly, the outermost flow paths act as a 
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heat-insulating space, preventing heat generated in the honeycomb filter from 
being transmitted outside. As a result, a uniform temperature can easily be 
kept in the honeycomb filter. 

[0046] (2) Production method of ceramic honeycomb filter 
5 [0047] Referring to Fig. 4, an example of the production method of the 
ceramic honeycomb filter will be explained. 
[0048] (i) Honeycomb structure 

[0049] A honeycomb structure 1A having cell walls 31 and a honeycomb 
structure IB having cell walls 32 are prepared. In this example, the cell walls 

10 of the honeycomb structures 1 A and IB have the same thickness and pitch. 
[0050] The cell walls 31, 32 of the honeycomb structures 1 A, IB 
preferably have a porosity of 50-80%. When the porosity of the cell walls 31, 
32 is less than 50%, the honeycomb filter suffers too much pressure loss, 
resulting in too much reduction of engine power. When the porosity of the 

1 5 cell walls 3 1 , 32 is more than 80%, the cell walls 3 1 , 32 have such small 
strength that the honeycomb filter is likely to be broken by heat shock and 
mechanical vibration during operation. The porosity of the cell walls 3 1, 32 
is more preferably 60-75%. 

[0051] The cell walls 31, 32 are preferably as thick as 0.1-0.5 mm. When 
20 the cell walls are thinner than 0. 1 mm, the honeycomb structure has too small 
strength. On the other hand, when the cell walls 3 1, 32 are thicker than 0.5 
mm, the cell walls 3 1, 32 have too much resistance to an exhaust gas passing 
therethrough even with high porosity, resulting in providing the honeycomb 
filter with too large pressure loss. More preferably, the cell walls are as thick 
25 as 0.2-0.4 mm. The cell walls 31,32 preferably have a pitch of 1 .2 mm or 
more and less than 3 mm. When the pitch of the cell walls 31, 32 is less than 
1 .2 mm, the honeycomb structure has a too small inlet opening area, resulting 
in providing the honeycomb filter inlet with too large pressure loss. When 
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the pitch is 3 mm or more, the cell walls have too small surface area, resulting 
in providing the honeycomb filter with too large pressure loss. The more 
preferred pitch of the cell walls 3 1, 32 is 1 .3 mm or more and less than 2 mm. 
[0052] The contact length of the plugs 50 and the cell walls 30, 32 in the 
5 flow path direction is preferably 2-10 mm. When the contact length is less 
than 2 mm, the contact area of the plugs 50 and the cell walls 32 is inevitably 
small, so that the plugs 50 are easily detached by the pressure of an exhaust 
gas. When the contact length is more than 10 mm, the contact region is too 
much expanded thermally in a flow direction, resulting in too large tensile 

10 stress generated in the plugs 50. 

[0053] The honeycomb structure is preferably made of materials having 
excellent heat resistance. The honeycomb filter made of materials having 
excellent heat resistance is suitable as a filter for removing particulate matter 
from an exhaust gas discharged from diesel engines. Specifically, ceramic 

1 5 materials comprising as a main component at least one selected from the group 

■ 

consisting of cordierite, alumina, mullite, silicon nitride, carbon nitride and 
LAS are usable. Among them, a cordierite-based ceramic honeycomb filter is 
most preferable because of a reasonable price, excellent heat resistance and 
corrosion resistance, and a low thermal expansion. 

20 [0054] (ii) Plugging 

[0055] A plastic material 53 is charged into end portions of the flow paths 
of the honeycomb structures 1 A and IB in a checkerboard pattern, so that the 
plastic material 53 can integrally connect the honeycomb structures 1 A and IB 
as shown in Fig. 4(b). In this case, a gap 54 is provided between the 

25 honeycomb structures 1 A and IB so that they are not in contact. The 

preferred plugging material are the same as the materials for the honeycomb 
structure. 

[0056] A resin film is attached to the end 13 of the honeycomb structure 
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IB, which does not face the honeycomb structure 1 A 5 and provided with 
apertures in alignment with flow paths with no plastic material 53 charged. 
Thereafter, a slurry containing a plugging material is charged into the end 
portions of the flow paths of the honeycomb structure IB, on which the resin 
5 film is open, to form plugs 52. 

[0057] Water in the slurry is absorbed in the cell walls of the honeycomb 
structure IB, so that the plugging material is bonded to the cell walls. After 
the plugging material gets enough shape retention by solidification, an 
unsolidified slurry is withdrawn, the resin film is removed, and the solidified 
10 plugging material is dried. After drying, the plugs 50, 52 are sintered, so that 
they become integral with the cell walls 31, 32. 

[0058] While integrating the honeycomb structures 1 A and IB, the gap 54 
should not be filled with a plugging material. When the gap 54 is filled with 
the plugs 50, etc., the honeycomb filter acts as if there were no gap between 

15 the honeycomb structures 1A and IB, resulting in tensile stress generated in 
the plugs 50, 52 and thus insufficient effect of the present invention. 
[0059] A peripheral wall 20 may be formed (a) by integrally connecting 
the honeycomb structures 1 A and IB and then coating peripheral surfaces of 
the integrated honeycomb structures 1 A and IB with a ceramic coating 

20 material, or (b) by removing a peripheral portion from each honeycomb 

structure 1 A, IB to provide the honeycomb structure 1 A, IB with longitudinal 
grooves on its peripheral surface, integrally connecting them, and filling the 
grooves with a ceramic coating material. Alternatively, a peripheral wall may 
be produced by (c) removing a peripheral portion from each honeycomb 

25 structure in the stage of a molding, sintering the worked honeycomb structure 
to provide it with longitudinal grooves on a peripheral surface, integrally 
connecting both honeycomb structures, and further embedding a ceramic 
coating material in the grooves. The ceramic coating material is preferably 
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composed of the same ceramic particles as for the honeycomb structures, and 
an inorganic binder such as colloidal oxides, etc. The ceramic coating 
material having such composition can become integral with the honeycomb 
structures with least problems such as peeling, etc. due to the difference in 
5 materials properties such as thermal expansion, etc. between the coating 
material and the honeycomb structures. 
[0060] (iii) Carrying catalyst 

[006 1 ] A structure formed by integrally connecting the honeycomb 
structures 1 A and IB is immersed in a catalyst-containing slurry. After 

10 immersion, the integral structure is dried and sintered, so that the catalyst is 
attached to the surfaces and pores of the cell walls 31, 32. 
[0062] When different catalysts are carried by the honeycomb structures 
1 A and IB, it is preferable that only the honeycomb structure 1 A is immersed 
in a slurry for the honeycomb structure 1 A with the end 12 downward, and that 

15 only the honeycomb structure IB is immersed in a slurry for the honeycomb 
structure 1 B with the end 1 3 downward. 

[0063] Because there is a gap 54 between the honeycomb structures 1 A 
and IB, the catalysts can surely be coated separately on them. That is, the 
gap 54 can prevent the catalyst to be carried by the honeycomb structure 1 A 
20 from being attached to the honeycomb structure IB. Because the catalyst for 
the honeycomb structure 1 A is expensive, the provision of the gap 54 is 
economically advantageous. 
[0064] [2] Exhaust gas apparatus 

[0065] Fig. 5 is a cross-sectional view schematically showing the exhaust 

■ 

25 gas apparatus of the present invention. This exhaust gas apparatus comprises 
a cylindrical shell 60, a ceramic honeycomb filter 1 1 contained in the shell 60 
such that its flow paths are in alignment with the longitudinal direction of the 
shell 60, and a fuel-adding means 85 arranged upstream of the ceramic 
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honeycomb filter 1 1 . 

[0066] The shell 60 comprises a cylindrical body portion 60a, and end 
portions each having a smaller diameter than that of the body portion 60a and 
extending from the body portion 60a. One end portion of the shell 60 serves 
5 as an exhaust gas inlet 6 1 , and the other end portion of the shell 60 serves as an 
exhaust gas outlet 62. 

[0067] The honeycomb filter 1 1 is disposed in the body portion 60a of the 
shell 60, with the honeycomb structure 1 A on the side of the inlet 61 and the 
honeycomb structure IB on the side of the outlet 62. There is a heat insulator 

10 70 between the shell 60 and the honeycomb filter 11. 

[0068] The fuel-adding means 85 is open in the inlet 61, such that it adds a 
fuel to the exhaust gas flowing into the shell 60 from the side of the end 12 of 
the honeycomb structure 1 A. The fuel to be added may be the same as or 
different from an internal engine fuel. An example of the internal engine fuel 

1 5 is gas oil. Other fuels than the internal engine fuel include hydrocarbons. 
[0069] The exhaust gas flows into the inlet 61, passes through the flow 
paths of the honeycomb structures 1A and IB and flows out of the outlet 62. 
Because of the plugs 50, 52 disposed in the end portions of the honeycomb 
structures 1 A and IB, the exhaust gas should pass through the cell walls 31, 32 

20 and/or the plugs 50, 52. Accordingly, while passing through the cell walls 
31, 32 and/or the plugs 50, 52, particulate matter contained in the exhaust gas 
is captured in their pores. 

[0070] When a predetermined amount of particulate matter or more is 
accumulated in the honeycomb filter 1 1 during the operation of an internal 
25 engine, the fuel-adding means 85 supplies a fuel into the shell 60. The 
oxidation catalyst such as platinum, etc. carried by the cell walls 31 of the 
honeycomb structure 1A causes an exothermal oxidation reaction of a fuel, 
thereby elevating the temperature of the exhaust gas. The heated exhaust gas 
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entering into the honeycomb structure IB burns particulate matter captured in 
pores of the cell walls 32 of the honeycomb structure IB. Thus, the reaction 
of the fuel in the presence of the catalyst efficiently bums particulate matter, 
thereby preventing the accumulated particulate matter from clogging the pores 
5 of the cell walls, and thus making pressure loss increase unlikely. 

Accordingly, the pressure loss of the honeycomb filter is prevented from 
increasing for a long period of time. 

[0071] Because of the gap 54 therebetween, the honeycomb structures 1A 
and IB are less likely to be broken by contact with each other even if their cell 

10 walls are thermally expanded by a high-temperature exhaust gas flowing 
through the flow paths. Also, because of relatively small tensile stress 
generated in the plugs 50, the plugs 50, 52 and the cell walls 31, 32 are less 
likely to be broken by heat shock immediately after the operation start and the 
addition of a fuel, making it possible to use the honeycomb filter stably for a 

1 5 long period of time. 

[0072] [3] Exhaust gas-cleaning method 

[0073] In the exhaust gas-cleaning method of the present invention, when 
a predetermined amount of particulate matter or more is accumulated in the 
honeycomb filter, a fuel is added to the exhaust gas upstream of the 

20 honeycomb filter. The added fuel is oxidized in the presence of the catalyst 
carried by the cell walls 31 of the honeycomb structure 1 A, generating a 
reaction heat, which elevates the temperature of the exhaust gas. Because the 
heated exhaust gas passes through the cell walls 3 1 and/or the plugs 50 and 
flows into the honeycomb structure IB, the exhaust gas at a high temperature 

25 is brought into contact with the cell walls 32 of the honeycomb structure IB, 
thereby elevating the temperature inside the honeycomb structure IB to the 
lower limit of a temperature for activation the catalyst carried by the cell walls 
32, etc. or higher. The catalyst thus activated acts to burn particulate matter 
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in the exhaust gas, thereby preventing the clogging of the honeycomb filter and 
thus pressure loss increase. 

[0074] The honeycomb filter used in the exhaust gas-cleaning method 
comprising the honeycomb structures 1 A and IB connected with a gap 54. 
5 Accordingly, even if the cell walls 3 1, 32 of the honeycomb structures 1 A and 
IB are thermally expanded by contact with a high-temperature exhaust gas, 
only small compression stress is generated in the flow path direction, resulting 
in small tensile stress generated in the plugs. Thus, even with heat shock 
immediately after the operation start or the addition of a fuel, the cell walls 3 1 , 
10 32 are unlikely to be broken, making it possible to stably clean an exhaust gas 
for a long period of time. 

[0075] x The present invention will be explained in more detail referring to 
Examples below without intention of restricting the scope of the present 
invention. 

15 [0076] Examples 1-5 

[0077] The powder composition of kaolin, talc, silica, aluminum 
hydroxide, alumina, etc. was prepared to obtain a cordierite- forming powder 
comprising, on a mass basis, 47-53% of Si0 2 , 32-38% of A1 2 0 3 , 12-16% of 
MgO, and 2.5% or less in total of inevitable components (CaO, Na 2 0, K 2 0, 

20 Ti0 2j Fe 2 0 3 , PbO, P 2 0 5 , etc.), and fully mixed with a molding aid, a pore- 
forming agent, and a predetermined amount of water to prepare a material 
extrusion-moldable to a honeycomb structure. It was then extrusion-molded 
by a known extrusion die to produce a honeycomb structure molding 
comprising a peripheral wall 20, and cell walls 30 inside this peripheral wall 

25 20 for defining flow paths each having a square cross section, which was then 
dried and sintered to obtain a honeycomb structure 1 A with exhaust-gas-inlet- 
side cell walls 31 and a honeycomb structure IB with exhaust-gas-outlet-side 
cell walls 32. Each honeycomb structure had a diameter of 267 mm with 0.3- 
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mm-thick cell walls (porosity: 65%, pitch: 1.5 mm). 
[0078] A plastic plugging material for forming exhaust-gas-inlet-side 
plugs 50 was charged into the flow paths of the honeycomb structures 1 A and 
IB through their ends in a checkerboard pattern to form the inlet-side plugs 50, 
5 by which the honeycomb structures 1 A and IB were integrally connected. At 
this time, a gap 54 was provided to keep the honeycomb structures 1 A and IB 
from contact with each other. A resin film was attached to the other end 13 
of the honeycomb structure IB, and provided with apertures alternately with 
the inlet-side plugs 50. A plugging material slurry was introduced into the 

1 0 flow paths through the apertures to fill the end portions of the flow paths of the 
honeycomb structure IB. After the plugging material was solidified, the resin 
film was removed. The plugging material was then dried and sintered to 
integrally connect the plugs to the cell walls, thereby obtaining honeycomb 
filters 1 1 having structures shown in Table 1 (Examples 1-5). 

1 5 [0079] With respect to each honeycomb filter, the distance X (mm) 

between the exhaust gas inlet-side-end surfaces 51 of the plugs 50 and the end 
12 of the honeycomb filter were measured. Specifically, a metal rod of about 
0.8 mm in diameter and 300 mm in length was introduced into the honeycomb 
filter from the exhaust-gas-inlet-side end 12, and the length of a portion of the 

20 metal rod protruding from the honeycomb filter was measured. 20 flow paths 
were randomly selected in one honeycomb filter to measure the distance X, 
and the measured values were averaged. 

[0080] With respect to the honeycomb filters of Examples 1-5, the distance 
X (mm) between the exhaust-gas-inlet-side end surfaces 51 and the end 12 of 
25 the honeycomb filter, and a ratio of X/(total length L of honeycomb filter) are 
shown in Table 1 . The length of the gap 54 between the honeycomb 
structures 1A and IB is also shown in Table 1. 

[0081] A catalyst A comprising Pt, cerium oxide and active alumina (2g of 
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Pt was carried by 1 L of the honeycomb filter, simply expressed as 2g/L of Pt) 
was carried by the surfaces of the cell walls 3 1, 32 and their pores and the 
surfaces of the plugs 50, 52 and their pores in each honeycomb filter. 
[0082] Air was caused to flow at a flow rate of 7.5 Nm /min into each 
5 honeycomb filter of Examples 1-5 set in a pressure loss test apparatus (not 
shown), to measure pressure difference between the inlet-side end 12 and the 
outlet-side end 13, thereby evaluating the initial pressure loss of each 
honeycomb filter. This initial pressure loss is expressed as a relative value, 
assuming that the initial pressure loss of the ceramic honeycomb filter of 

10 Comparative Example 1 described later is 1. 

[0083] With each honeycomb filter of Examples 1-5 disposed in an 
exhaust pipe of a diesel engine, a durability test was conducted under pattern 
driving conditions simulating city road driving. During the durability test, 
there were time periods in which the operation continued at an exhaust gas 

1 5 temperature lower than the lower limit of a catalyst-activating temperature, so 
that particulate matter was slightly accumulated in the filter. The amount of 
particulate matter accumulated in the honeycomb filter was predicted 
depending on the operation state, and when the predicted amount became a 

* 

predetermined level or higher, an unbumed fuel was injected upstream of the 

20 filter to conduct the forced regeneration of the filter. 

[0084] Evaluation was "Passed (Good) 55 when the test continued until it 
passed a time period corresponding to 10,000-km driving, and "Failed (Poor)" 
when the test did not continue. With respect to the honeycomb filters 
evaluated as "Passed," pressure loss was measured in the same manner as the 

25 initial pressure loss after the time period corresponding to 10,000-km driving 
passed, to calculate a ratio of the pressure loss after the test to the initial 
pressure loss. 

[0085] Comparative Example 1 
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[0086] A honeycomb structure having a diameter of 267 mm and a total 
length of 304.8 mm, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 
mm and a porosity of 65%, was produced in the same manner as in Examples 
1-5. A masking film was attached to both ends of this honeycomb structure, 
5 and provided with apertures in a checkerboard pattern such that the flow paths 
are open alternately at both ends. A plugging material slurry was charged, 
dried and sintered to form plugs 52, thereby producing a honeycomb filter with 
plugs 50, 52 alternately at both ends as shown in Fig. 6. 
[0087] Comparative Examples 2-6 

10 [0088] A honeycomb structure having a diameter of 267 mm and a total 
length of 304.8 mm, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 
mm and a porosity of 65%, was produced in the same manner as in Examples 
1-5. The honeycomb structure was filled with a plugging material slurry in a 
checkerboard pattern at a position separate from the exhaust-gas-inlet-side end 

15 12 to form inlet-side plugs 50. Outlet-side plugs 52 were formed at the 

exhaust gas outlet-side end 13 alternately with the inlet-side plugs 50. Thus, 
a honeycomb filter shown in Fig. 7 was obtained (Comparative Examples 2-6). 
[0089] A catalyst A comprising Pt, cerium oxide and active alumina (Pt 
carried: 2g/L) was carried by the cell walls 30 and the plugs 50, 52 of each 

20 honeycomb filter in the same manner as in Examples 1-5. Thereafter, a 

pressure loss test and a durability test were conducted in the same manner as in 
Examples 1-5. 
[0090] Example 6 

[0091] A honeycomb structure 1 A having a diameter of 267 mm and a 
25 total length of 96.4 mm, whose cell walls had a pitch of 1 .5 mm, a thickness of 
0.3 mm and a porosity of 65%, and a honeycomb structure IB having a 
diameter of 267 mm and a total length of 208.3 mm, whose cell walls had a 
pitch of 1.5 mm, a thickness of 0.3 mm and a porosity of 65%, were produced 
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in the same manner as in Example 2. With a slurry containing a plastic 
plugging material introduced into the end portions of the flow paths of the 
honeycomb structures 1 A and IB in a checkerboard pattern, the honeycomb 
structures 1A and IB were integrally connected such that a 0.1 -mm- wide gap 
5 54 was provided between the cell walls of the honeycomb structures 1A and 
IB. 

[0092] A resin film was attached to the other end 13 of the honeycomb 
structure IB, and provided with apertures alternately with the inlet-side plugs 
50. A plugging material slurry was introduced into part of the flow paths of 

1 0 the honeycomb structure and solidified. Thereafter, the resin film was 

removed, and the plugs were dried and sintered to integrally bond the plugs to 
the cell walls, thereby integrally connecting the honeycomb structures 1 A and 
IB. After a catalyst A comprising Pt, cerium oxide and active alumina (Pt 
carried: 2g/L) was carried by the exhaust-gas-inlet-side cell walls 3 1 and the 

15 plugs 50 of this honeycomb filter, a pressure loss test and a durability test were 
conducted in the same manner as in Examples 1-5. 
[0093] Comparative Example 7 

[0094] A honeycomb structure having a diameter of 267 mm and a total 
length of 304.8 mm, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 

20 mm and a porosity of 65%, was produced in the same manner as in 

Comparative Example 3. Plugs 50 were formed at positions 91 .4 mm inward 
from the inlet-side end 12 of this honeycomb structure. After a catalyst A 
comprising Pt, cerium oxide and active alumina (Pt carried: 2g/L) was carried 
by the exhaust-gas-inlet-side cell walls 3 1 , a durability test was conducted in 

25 the same manner as in Examples 1-5. The weight of the catalyst carried by 
the honeycomb filter is shown in Table 2 as a relative value to that in Example 
6. 

[0095] Example 7 
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[0096] A honeycomb structure 1 A having a diameter of 267 mm and a 
total length of 96.9 mm, whose cell walls had a pitch of 1 .5 mm, a thickness of 
0.3 mm and a porosity of 65%, and a honeycomb structure IB having a 
diameter of 267 mm and a total length of 206.9 mm, whose cell walls had a 
5 pitch of 1 .5 mm, a thickness of 0.3 mm and a porosity of 65%, were produced 
in the same manner as in Example 2. These honeycomb structures were 
integrally connected by plugs 50 with a 1-mm gap 54, and plugs 52 were 
formed at the other end 13 of the honeycomb structure IB alternately with the 
plugs 50. 

10 [0097] Pt, cerium oxide and active alumina (catalyst B) were carried by the 
honeycomb structure 1 A and the plugs 50, such that the amounts of cerium 
oxide and active alumina carried were the same as in the catalyst A, and that 
the amount of Pt carried was 4g/L. Pt, cerium oxide and active alumina 
(catalyst C) were carried by the honeycomb structure IB and the plugs 52, 

1 5 such that the amounts of cerium oxide and active alumina carried were the 
same as those in the catalysts A and B, and that the amount of Pt carried was 1 
g/L. A pressure loss test and a durability test were then conducted in the 
same manner as in Examples 1-5. 
[0098] Comparative Example 8 

20 [0099] A honeycomb filter having a diameter of 267 mm and a total length 
of 304.8 mm, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 mm 
and a porosity of 65%, was produced with exhaust-gas-inlet-side plugs at 
positions 91 .4 mm inward from the filter end in the same manner as in 
Comparative Example 3. A catalyst in the same composition and amount as 

25 in Example 7 was carried by the exhaust-gas-inlet-side cell walls 3 1, the plugs 
50, the exhaust-gas-outlet-side cell walls 32 and the plugs 52 of this 
honeycomb filter. A pressure loss test and a durability test were conducted in 
the same manner as in Examples 1-5. The weight of the catalyst carried by 
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the honeycomb filter is shown in Table 2 as a relative value to that in Example 
6. 

[0100] Examples 8-12 

[0101] Honeycomb structures 1 A having a diameter of 267 mm and 
5 various total lengths, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 
mm and a porosity of 65%, and honeycomb structures IB having a diameter of 
267 mm and various total lengths, whose cell walls had a pitch of 1 .5 mm, a 
thickness of 0.3 mm and a porosity of 65%, were produced in the same manner 
as in Example 6. The honeycomb structures 1 A and IB were integrally 

10 connected by inlet-side plugs 50 with a gap 54 of 0.5-12 mm, such that their 
flow paths were sealed in a checkerboard pattern, and the end 13 of the 
honeycomb structure IB was sealed alternately with the inlet-side plugs 50. 
A catalyst in the same composition and amount as in Example 7 was carried by 
the honeycomb structure 1 A, the plugs 50, the honeycomb structure IB and the 

15 plugs 52. 

[0102] With respect to each honeycomb filter, a pressure loss test and a 
durability test were conducted in the same manner as in Examples 1-5. High- 
pressure water of 2 MPa was injected into the honeycomb filter through the 
exhaust-gas-inlet-side end 12 to evaluate the bonding strength of the inlet-side 

20 plugs 50 to the cell walls 3 1, 32. The evaluation was "Good" when the 

percentage of the inlet-side plugs 50 peeled from the cell walls 3 1, 32 was less 
than 1%, "Fair" when it was 1% or more and less than 5%, and "Poor" when it 
was 5% or more. The results are shown in Table 2 in the column of "Sealing 
Pressure Test." 

25 [0103] Example 13 

[0104] A honeycomb structure 1 A having a diameter of 267 mm and a 
total length of 96.9 mm, whose cell walls had a pitch of 1 .5 mm, a thickness of 
0.3 mm and a porosity of 65%, and a honeycomb structure IB having a 
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diameter of 267 mm and a total length of 206.9 mm, whose cell walls had a 
pitch of 1.5 mm, a thickness of 0.3 mm and a porosity of 65%, were produced 
in the same manner as in Example 6. The honeycomb structures 1 A and IB 
were integrally connected by inlet-side plugs 50 with a 1-mm gap 54, such that 
5 the flow paths were sealed in a checkerboard pattern. The flow paths of the 
honeycomb structure IB were sealed at the other end 13 alternately with the 
inlet-side plugs 50. Pt, cerium oxide and active alumina (catalyst D) were 
carried by the honeycomb structure 1 A and the plugs 50, such that the amounts 
of cerium oxide and active alumina were the same as in the catalysts A, B and 

10 C, and that the amount of Pt carried was 3 g/L. A catalyst E comprising 
lanthanum, cesium and vanadium oxide was carried by the honeycomb 
structure IB and the plugs 52. A pressure loss test, a durability test, and a 
sealing pressure test of the exhaust gas inlet-side plugs to the cell walls were 
conducted in the same manner as in Examples 8-12. 

15 [0105] Comparative Example 9 

[0106] A honeycomb filter having a diameter of 267 mm and a total length 
of 304.8 mm, whose cell walls had a pitch of 1.5 mm, a thickness of 0.3 mm 
and a porosity of 65%, was produced with exhaust-gas-inlet-side plugs at 
positions 9 1 .4 mm inward from the filter end in the same manner as in 

20 Comparative Example 8. After a catalyst in the same composition and 

amount as in Example 13 was carried by the exhaust-gas-inlet-side cell walls 
3 1, the plugs 50, the cell walls 32 and the plugs 52 of this honeycomb filter, a 
pressure loss test, a durability test and a sealing pressure test of the exhaust gas 
inlet-side plugs to the cell walls were conducted in the same manner as in 

25 Examples 8-12. 

[0107] Each ceramic honeycomb filter of Examples 1-13 and Comparative 
Examples 1-9 was heated from room temperature to a predetermined 
temperature in an electric furnace, kept at the predetermined temperature for 2 
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hours, and taken out of the electric furnace to observe whether or not it was 
cracked. The lower limits of temperatures at which cracking occurred are 
shown in Tables 1 and 2 as heat-shock-resistant temperatures. 
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[0108] 



Table 1 



1NO. 


(mm) 


T , S Z) 
(mm) 


(mm) 


(mm) 


Y/T 

(mm) 


(mm) 


P1l1CX<5 S0 W 

(mm) 


Example 1 


304.8 


56.0 


247.8 


51.0 


0.17 


1 


12 


Example 2 


304.8 


96.4 


207.4 


91.4 


0.30 


1 


12 


Example 3 


304.8 


126.9 


176.9 


121.9 


0.40 


1 


12 


Example 4 


304.8 


163.5 


139.3 


158.5 


0.52 


2 


12 


Example 5 


304.8 


225.0 


77.8 


220.0 


0.72 


2 


12 


Comparative 
Example 1 


304.8 


* 




u.u 


u 


JN on 


12 


Comparative 
Example 2 


304.8 




)k 


51. U 


0.1/ 


JSI on 




Comparative 
Example 3 


JU4.o 


_* 


_* 






in on 


1 9 


Comparative 
Example 4 


304.8 


-* 


-* 


121.9 


0.40 


Non 


12 


Comparative 
Example 5 


304.8 


-* 


-* 


158.5 


0.52 


Non 


12 


Comparative 
Example 6 


304.8 


-* 


_* 


220.0 


0.72 


Non 


13 



Note: (1 
(2 
(3 
(4 
(5 



The total length L of the honeycomb filter. 
The length L15 of the honeycomb structure 15. 
The length Li6 of the honeycomb structure 16. 
The length of the gap between the cell walls. 
The length of the inlet-side plugs. 
Not measured because of no honeycomb structure. 
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[0109] Table 1 (Continued) 



No. 


Initial 
Pressure 
Loss 


Durability Test Results 


Heat- Shock- 
Resistant 

Tf^mnprJiln iff 

TO 


Evaluation 


Tress ure 
Loss Ratio 


Example 1 


1 


Good 


1.2 


575 


Example 2 


1.05 


Good 


1.1 


550 


Example 3 


1.05 


Good 


1.1 


575 


Example 4 


1.1 


Good 


1.2 


550 


Example 5 


1.2 


Good 


1 A 

1.4 


550 


Comparative 
Example 1 


1 


roor 


_** 


jUU 


Comparative 
Example 2 


1 


VjOOu 


1 9 




Comparative 
Example 3 




Good 


i.i 


son 


Comparative 
Example 4 


1.05 


Good 


i.i 


475 


Comparative 
Example 5 


1.1 


Good 


1.2 


500 


Comparative 
Example 6 


1.2 


Good 


1.4 


500 



Note: ** Not measured because the evaluation was "Poor." 



\ 
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[0110] Table 2 



No. 


(mm) 


T & 
(mm) 


T < J > 

1 0 

(mm) 


X 
(mm) 


X/L 
(mm) 


Gap (4) 
(mm) 


Plugs 50 p; 
(mm) 


Example 6 


304.8 


96.4 


208.3 


91.4 


0.30 


0.1 


12 


V>VslllL/CU CI LI V V 

Example 7 


304.8 


-* 


-* 


91.4 


0.30 


Non 


12 


Example 7 


304.8 


96.9 


206.9 


91.4 


0.30 


1 


12 


v^urnpdi dii vc 

Example 8 


304.8 


_* 


_* 


91.4 


0.30 


Non 


12 


Example 8 


304.8 


97.15 


207.15 


91.4 


0.30 


0.5 


12 


Example 9 


304.8 


95.9 


205.9 


91.4 


0.30 


3 


12 


Example 10 


304.8 


94.9 


204.9 


91.4 


0.30 


5 


12 


Example 1 1 


304.8 


94.4 


200.4 


91.4 


0.30 


10 


16 


Example 12 


304.8 


93.4 


199.4 


91.4 


0.30 


12 


16 


Example 13 


304.8 


96.9 


206.9 


91.4 


0.30 


1 


12 


Comparative 
Example 9 


304.8 


_* 


_* 


91.4 


0.30 


Non 


12 



Note: (l)-(5) and * The same as under Table 1. 



30 



HM-F376PCT Literal English Translation of PCT Specification 



[0111] Table 2 (continued) 



No. 


Catalyst 


Initial 
Pressure 
Loss 


Durability Test Results 


Side (6) 


Side (7) 


Evaluation 


Pressure T,o<s<5 

Ratio 


Example 6 


A 




1.05 


Good 


1.1 


Example 7 


A 




1.05 


Good 


1.1 


Example 7 


B 


C 


1.05 


Good 


1.05 


L/Omparative 
Example 8 


B 


C 


1.05 


Good 


1.1 


Example 8 


B 


c 


1.05 


Good 


1.05 


Example 9 


B 


c 


1.05 


Good 


1.05 


Example 10 


B 


c 


1.05 


Good 


1.1 


Example 11 


B 


c 


1.05 


Good 


1.1 


Example 12 


B 


c 


1.05 


Good 


1.1 


Example 13 


D 


E 


1.05 


Good 


1.02 


Comparative 
Example 9 


D 


E 


1.05 


Good 


1.05 



Note: (6) Carried by the exhaust-gas-inlet-side cell walls. 



(7) Carried by the exhaust-gas-outlet-side cell walls. 
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[0112] 



Table 2 (continued) 



No. 


Heat-Shock- 
Resistant 
Temperature (°C) 


Sealing 
Pressure 
Test 


Catalvst 
Used (8) 


Example 6 


550 


_** 




Comparative 
Example 7 


500 


_** 


To Example 6 


Example 7 


575 


_** 




Comparative 
Example 8 


500 


_** 


1 i 

1.2 

To Example 7 


Example 8 


550 


Good 


1.05 
To Example 7 


Example 9 


550 


Good 


A AO 

0.98 
To Example 7 


Example 10 


575 


Good 


0.98 
To Example 7 


Example 1 1 


575 


Good 


0.98 
To Example 7 


Example 12 


540 


Fair 


0.98 
To Example 7 


Example 13 


575 


Good 




Comparative 
Example 9 


500 


Good 


1.2 

To Example 13 



Note (8) The amount of the catalyst used, which is expressed as a relative 

value to that in Example described below. 



** The same as under Table 1 . 



[0113] The initial pressure losses of the honeycomb filters of Examples 1- 
5 were about 1-1.2 times that of the conventional ceramic honeycomb filter of 
Comparative Example 1. In the durability test corresponding to 10,000-km 
driving, all filters were evaluated as "Passed (Good)," and their pressure loss 
ratios were 1.1-1.4, indicating less likelihood of pressure loss increase. 
Further, the heat-shock-resistant temperatures were 550-575°C, indicating 
excellent heat shock. Among them, Examples 2 and 3 suffered only small 
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initial pressure loss, which was still small after the durability test, because the 
ratio X/L of the distance X of the inlet-side plugs 50 to the total length L was 
0.2-0.4. This confirms that X/L is preferably 0.2-0.4. 
[0114] In the durability test corresponding to 1 0,000-km driving, the 
5 honeycomb filter of Comparative Example 1 suffered drastically increased 
discharge pressure in a time period corresponding to about 5,000-km driving, 
so that the test was stopped because regeneration could not be conducted. 
Thus, its evaluation was "Failed (Poor)." 

[0115] The honeycomb filters of Comparative Examples 2-6 were 
10 substantially the same as those of Examples 1-5 in initial pressure loss and the 
results of the durability test corresponding to 1 0,000-km driving. This 
appears to be due to the fact that the inlet-side plugs were disposed separate 
from the exhaust-gas-inlet-side ends, and that the catalyst was carried by the 
cell walls and/or the plugs. However, their heat-shock-resistant temperatures 
1 5 were 475-500°C, lower than those of Examples 1 -5 . This appears to be due 
to the fact that there was no gap between the exhaust-gas-inlet-side cell walls 
and the exhaust-gas-outlet-side cell walls. 

[0116] The initial pressure loss of the honeycomb filter of Example 6 was 
1 .05 times that of the ceramic honeycomb filter of Comparative Example 1 . 

20 Also, in the durability test corresponding to 1 0,000-km driving, all tests were 
evaluated as "Passed (Good)," and the pressure loss ratio was 1.1, indicating 
less likelihood of pressure loss increase. Further, the heat shock-resistant 
temperature was 550°C, indicating excellent heat shock. 
[0117] Although the honeycomb filter of Comparative Example 7 was 

25 good in any of the initial pressure loss, the durability test corresponding to 
1 0,000-km driving, and the pressure loss ratio, its heat-shock-resistant 
temperature was as low as 500°C, lower than Example 6, and the amount of 
the catalyst used was 1.1 times that in Example 6, meaning that it 
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disadvantageously used an expensive catalyst in a large amount. This appears 
to be due to the fact that there was no gap between the exhaust-gas-inlet-side 
cell walls and the exhaust-gas-outlet-side cell walls. 

[0118] The initial pressure loss of the honeycomb filter of Example 7 was 
5 1 .05 times that of the honeycomb filter of Comparative Example 1. Also, in 
the durability test corresponding to 10,000-km driving all tests were evaluated 
as "Passed (Good)/' and the pressure loss ratio was 1.05, indicating less 
likelihood of pressure loss increase. Because the exhaust-gas-inlet-side cell 
walls had a higher concentration of platinum than in the honeycomb filter of 
10 Example 2, the burning oxidation reaction of an unburned fuel, etc. was 

accelerated in this area, resulting in small pressure loss in the durability test. 
Further, the heat-shock-resistant temperature was 570°C, indicating excellent 
heat shock. 

[0119] Although the honeycomb filter of Comparative Example 8 was 
15 good in any of the initial pressure loss, the durability test corresponding to 
10,000-km driving and the pressure loss ratio, its heat-shock-resistant 
temperature was as low as 500°C, lower than Example 7, and the amount of 
the catalyst used was 1 .2 times that in Example 7, meaning that it 
disadvantageously used an expensive catalyst in a large amount. This appears 
20 to be due to the fact that there was no gap between the exhaust-gas-inlet-side 
cell walls and the exhaust-gas-outlet-side cell walls. 

[0120] The initial pressure losses of the honeycomb filters of Examples 8- 
12 were 1.05 times that of the ceramic honeycomb filter of Comparative 
Example 1. Also, in the durability test corresponding to 10,000-km driving, 
25 all tests were evaluated as "Passed (Good)," and the pressure loss ratio was 
1 .05- 1.1, indicating less likelihood of pressure loss increase. While the 
honeycomb filters of Examples 8-1 1 were evaluated as "Good" in the sealing 
pressure test, the honeycomb filter of Example 12 was evaluated as "Fair." It 
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was found that the bonding length of the plugs to the cell walls was preferably 
2 mm or more. 

[0121] The initial pressure loss of the ceramic honeycomb filter of 
Example 13 was 1.05 times that of the honeycomb filter of Comparative 
5 Example 1. Also, in the durability test corresponding to 10,000-km driving, 
all tests were evaluated as "Passed (Good)," and the pressure loss ratio was 
1 .02, indicating less likelihood of pressure loss increase. The pressure loss 
ratio in the durability test was lowest as 1.02, and the heat-shock-resistant 
temperature was 575°C, indicating excellent heat shock. This appears to be 
10 due to the fact that the catalyst for accelerating the oxidation reaction of a fuel 
was carried by the exhaust-gas-inlet-side cell walls, and the catalyst for 
accelerating the burning of particulate matter was carried by the exhaust-gas- 
outlet-side cell walls. 

[0122] Although the honeycomb filter of Comparative Example 9 was 
1 5 good in any of the initial pressure loss, the durability test corresponding to 
1 0,000-km driving and the pressure loss ratio, its heat-shock-resistant 
temperature was as low as 500°C, and the amount of the catalyst used was 1.2 
times that in Example 13, meaning that it disadvantageously used an expensive 
catalyst in a large amount. This appears to be due to the fact that there was 
20 no gap between the exhaust-gas-inlet-side cell walls and the exhaust-gas- 
outlet-side cell walls. 



EFFECT OF THE INVENTION 

[0123] Because the ceramic honeycomb filter of the present invention is 
25 constituted by pluralities of porous ceramic honeycomb structures whose cell 
walls are connected by plugs with a gap in a flow path direction, it is unlikely 
to be broken even when exposed to high temperatures during operation. 
Accordingly, the filter temperature can be sufficiently elevated to fully activate 
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a catalyst carried by the cell walls of the honeycomb structures and the plugs, 
so that particulate matter accumulated in the pores of the cell walls, etc. can be 

m 

burned. Thus, the clogging of the pores of the cell walls can be prevented 
while avoiding the breakage and meltdown of the filter, thereby preventing 
5 pressure loss from increasing for a long period of time. 

[0124] The exhaust gas-cleaning apparatus of the present invention 
comprises the ceramic honeycomb filter and a means for adding a fuel to an 
exhaust gas to bum particulate matter contained in the exhaust gas by the 
action of a catalyst. Because the fuel-adding means is disposed upstream of 

10 the ceramic honeycomb filter, the temperature of the entire honeycomb filter is 
elevated, so that the catalyst carried by the honeycomb filter is sufficiently 
activated to bum particulate matter efficiently. In addition, because the 
ceramic honeycomb filter is constituted by pluralities of porous ceramic 
honeycomb structures whose cell walls are connected with a gap, it is unlikely 

15 to be broken by thermal expansion. 

[0125] In the exhaust gas-cleaning method of the present invention, the 
ceramic honeycomb filter of the present invention is used, a fuel being added 
to an exhaust gas upstream of the honeycomb filter. A catalyst carried by the 
honeycomb filter is activated by a fuel added on the upstream side, and the 

20 temperature of the honeycomb filter is elevated. Because a high-temperature 
exhaust gas flows downstream, a catalyst carried by the downstream side of 
the honeycomb filter can be activated to bum particulate matter contained in 
the exhaust gas sufficiently, thereby preventing pressure loss increase. 
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